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 FAILURE MODES EFFELTS AMALYSIS (FMEA)} -- CRITICAL HARDWARE

-,

SUBSYSTEM NAME: ORBITAL MANEUVERING SYSTEM (OMS) -
REVISION :

LRU

LRU

LRU

PART NAME
VERDOR MAME

GIMBAL BELLOWS
S5P

GIMBAL BELLOWS
55P

GIMBAL BELLUWS
S5P

GIMBAL BELLOMS
35P

NUMBER: 03-3-2601-X

2 03/18/90

PART MUMBER

VEHDOR NUMBER
73P550015-1002
73P550015-1003

73P550015-100%

73P850015-1007
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QUANTITY OF LIKE ITEMS: 32

 FUNCTIDN:

NUAL PLY {.006, .007 OR .008 IN, THICK PER PLY) 304L S5.5. BELLOWS
EXTERNALLY CONSTRAINED BY A GIMBALLED TNCONEL X 750 HOUSING IS USED AT
YARTOUS LOCATIONS IN THE OMS GAS AND LTQUTD FEED SYSTEMS TO FACILITATE
SYSTEM ASSEMELY AND AFFORD FLEXIBILITY.
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FAILURE MODES EFFECTS ANALYSIS (FMEA) —- CRITICAL FAILURE MODE
NUMBER: 03-3-2601-01

: ~ REVISION# 2 03/16/90
SURSYSTEM: DORBITAL MANEUVERING SYSTEM {UM3)

LRU :GIMBAL BELLOWS CRITICALITY OF THIS
ITEM NAME: GIMBAL BELLOWS FATLURE MODE:1/1
FALLURE MOOE:

STRUCTURAL FAILURE, RUPTURE, EXTERNAL LEAKAGE
MISSION PHASE:

PL PRELAUNCH
L0 LIFT-OFF
00 ON-DRBLT
Do DE-ORBIT
LS LANDING SAFING

VEHICLE/FAYLOAD/KIT EFFECTIVITY: [02 LCOLUMBIA
: 103  DISCOVERY
+ 104  ATLANTIS

CAUSE:

WELD DEFECT, CORROSIQM, PRUPELLANT BY-PRODUCT EXPOSURE, INSTALLATION
DAMAGE, PRESSURE SURGE, FLOW INODUCED OR FLIGHT YIBRATION, FAILED CLO3ED
OF A.C. MOTOR VWALVE RELIEF GEVICE.

CRITICALITY 1/1 DURING INTACT ABORT ONLY? WO
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PEDUNDANCY SCREEN A) N/A

B) N/A

C) N/A
P?SSJFAIL RATIONALE:
A ..
B}

P e —————— A AL AT e e e

R ———————————r e R LR e e e e

(A) SUBSYSTEM:
SUBSYSTEM DEGRADATION. LOSS OF PROPELLANT OR PRESSURANT.

(B) INTERFACTNG SUBSYSTEM{S):
.DEGRADATION OF INTERFACE SUBSYSTEM ~ OECREASED DELTA V CAPABILITY.
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FAILURE MOOES EFFECTS ANALYSIS {FMEA) -- CRITICAL FAILURE MOOE
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INABILLTY TO USE PROPELLANT IN AFFECTED POO. POTENTIAL C.G. OFFSET.
AFT RCS, OMS ENGINE, YEHICLE STRUCTURE R CORROSION DAMAGE.

(C) MISSTION:

ABORT DECISION.

(0) CREW, VEHICLE, AND ELEMERT({S): ' .
POSSIBLE LOSS OF CREW/VEHICLE [F LEAK RESULTS IN EXCESSIVE LOSS OF
PROPELLANT OR PRESSURANT OR RESULTS IN STRUCTURAL/TPS DAMAGE.

(E) FUNCTIONAL CRITICALITY EFFECTS:
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{A) DESIGN: '

A SINGLE BELLOWS PLY IS ADEQUATE FOR THE PRESSURE LOAD. PROPELLANT
COMPATIBLE MATERTALS ARE USED. MECHANTCAL STOPS LIMIT EXCESSIVE
ANGULATION. FACTOR OF SAFETY I5 1.5. FLOW INOUCED YIBRATION ANALYSIS
PERFORMED, FLOW-INDUCED OSCILLATION TESTIHG CONDUCTED, BELLOWS NOT
EXCITED THROUGHOUT FLOW RANGE. COMPLETE STRESS ANALYSIS. '

a {8) TEST: .
QUALIFICATION TESTS
(ONE UNIT FOR EACH SIZE USED) - THERMAL (-70 TQ +19Q DEG F}, VIBRATION
UNOER SIMULATED MISSION USAGE CONDITIONS OPERATING LIFE - 2000
ANGULATION CYCLES {3 UNITS), 50,000 PRESSURE CYCLES, FLOW-INDUCED
OSCILLATION (-1007 ONLY).  BURST (ACTUAL) -1002/3 - 4.4 X MAX
OPERATING PRESSURE, -1005 - 14,7 X MAX OPERATING PRESSURE, -1007 - 5.8
Y MAX OPERATING PRESSURE.  ALSO QUALIFIED AS PART OF POOD ASSEMBLY -
VIBRO-ACOUSTIC TESTING AT JSC, 131 EQUIVALENT MISSIONS. HOT-FIRE TEST
PROGRAM AT WSTF - 517 TESTS {24 EQUIVALENT MISSIONS). APPROX 7 YEARS
PROPELLANT EXPOSURE. -

ACCEPTANCE TESTS

EXAMINATION OF PRODUCT, WELD INSPECTIONS, PROOF PRESSURE, -100Z/3 -
1.5 X HAX OP, -1005 - 2.0 X MAX OP, -1007 - 2.6 X MAX 0P. PRESSURE
DROP, FUNCTIONAL AND LEAKAGE TESTS, CLEANLINESS.

EROUND TURNAROUND

43CRD. 140 PERFORMS TANK ISOLATION VALVE RELIEF DEVICE CHECKOUT EVERY
10 FLIGHTS,

VAICEO.210 PERFORMS FLRST FLIGHT EXTERNAL LEAK CHECKS.

V43080730 & 240 TOXIC VAPOR LEAK CHECK OF PRCP TANKS AND FEED SYSTEM
O FIRST FLIGHT AND CONTINGENCY BASIS.

VA3ICED.030 PERFORMS DETAILED EXTERNAL AND YISIBLE INTERNWAL INSPECTION
OF FLUTD SYSTEM, EFFECTIVITY IS WHENEVER PO0 IS REMOVED, NOT
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: TO EXCEED 5 FLIGHT INTERVAL.
V43CEQ.120 PERFORMS STATIC AIR SAMPLE OF POO FOR DETECTION OF MINQR
PROPEL{LAMT LEAKAGE THE SECOND FLIGHT AND EVERY FLIGHT
THEREAFTER,

WHEN POD IS INSTALLED ON ORBITER POD PURGE REQUIREMENTS ARE DEFINED N
VOEAGD.010 (DLF), VOSAGO.020 (OPF), VDSAGD,030 (VAB), AND YOSAGO.040
(PAD)

PROPELLANT TAMK PRESSURE ANWD TEMPERATURE MONITORED EACH FLIGHT FOR
EVIDENCE OF LEAKAGE.

{C) INSPECTION:
RECEIVING INSPECTION
MATERIALS AND PROCESSES CERTIFICATIONS ARE VERIFIED BY INSPECTION.

CONTAMINATION CONTROL

CLEANLINESS TO LEVEL 200 FOR MMM, 2004 FOR NTO, 1QOA FOR PNEUMATIC
COMPOMENTS AND CORROSION PROTECTION PROVISIONS ARE VERIFIED BY
INSPECTION.

ASSEMBLY /IMSTALLATION

MANUFACTURING, ASSEMBLY AMO INSTALLATION FROCEOURES ARE VERIFIED BY
INSPECTIOM, CRITICAL DIMENSIONS AND SURFACE FINISHES ARE VERIFIED BY
INSPECTIOM. DIMENMSIQWAL AND WISUAL INSPECTION: ARE PERFORMED DURING
FABRICATION AND ASSEMBLY.

NONDESTRUCTIVE EVALUATION
PEMETRANT AND RADIOGRAPHIC INSPECTION OF WELDS ARE WERIFIED BY
INSPECTION.

CRITICAL PROCESSES
THE WELDING PROCESS AMD YERIFICATION THAT WELDS MEET SPECIFICATION
REQUIREMENTS ARE VERIFIED BY INSPECTION. o

TESTING
TEST EQUIPMENT AND TOOL CALIBRATION ARE VERIFIED BY INSPECTION.
ACCEPTANCE TEST IS5 VERIFIEQ BY INSPECTION.

HANDL ING/PACKAG ING
KANOLING, PACKAGING, STQRAEE AND SHIPFING REQUIREMENTS ARE WERIFIED BY
IHSPEETIUH

(D) FAILURE HISTORY:

NO FAILURES HAVE BEEN RECORDED FOR BELLOWS USED IN THE OMS SYSTEM.

. HOWEVER, EARLY IN THE PROGRAM, SEVERAL FAILURES DID OCCUR OM SIMILAR
“ COMPONENTS USED IN THE AFT RCS. CAR AQS08 & ABSB65 RECORD INSTANCES
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FAILURE MODES EFFECTS AMALYSIS (FMEA) -- CRITICAL FAILURE MODE

NUMBER: 03-3-2601-C1

WHERE IN THE BELLOWS WAS TWISTED OURING INSTALLATION. CORRECTIVE
ACTION INCLUDED X-RAY REQMT'S OF UNITS AFTER INSTALLATION AND DESIGN
CHANGES REQUIRING USE OF LUBRICANT ON INNER SHOULDER OF DYNATUBE & THE
SO0ITION OF DOUBLE WRENCH FLATS TO CONTROL OVERTORGUING(103 & SUBS).

(E} OPERATIONAL USE;

USE PERIGEE AOJUST BURN TO DEPLETE PROPELLANT FROM LEAKING POD (OUT GF
PLANE COMPONENT IF NECESSARY) AND REOUCE DELTA V REQUIREMENT FOR
DEORBIT. AFTER LEAKED PROPELLANT HAS DISPERSED, PERFORM DEORBIT WITH
G000 POO.
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RELIABILITY ENGINEERING: J. N. HART
DESIGN ENGIKEERING : D. W. CARLSOM
QUALITY ENGINEERIMG : D, J. BUTTHER
NASA RELIABILITY :

NASA SUBSYSTEM MANAGER : : .
RASA QUALITY ASSURANCE : : I ool




